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Photopoiymerizable epoxy resin composition 

© 

There is disclosed a photopolymerizable epoxy resin 
composition comprising an epoxy resin; and a heteropoly- 
acid aromatic sulfonium salt or a heteropoly-acid aromatic 
iodoniurn salt as a photo-curing catalyst. 

The composition of this invention can exhibit the 
photopolymerization being promptly advanced, the cured 
product being great in hardness, the corrosive action being 
weak and the electrical properties being excellent. 

Therefore, an industrial utility of the composition of this 
invention is highly great. 
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This invention relate +.« 

-sin c^it^t^'J^^ 1 ^ 6POXy 
Particularly to an epoxy resin ' "T*"^ »°re 
Photo-curability, less Ll ""^^ion having good 

electrical c^aJ^Z — excellent 

In the specifications of u S p.* * 

». 3, 7 oe, 295 , there are L* s ;i 0 :r irr 3 ' 2 ° 5 - 156 - 

epoxy re sin compositions contain!! 1 ^—^e 
and an aryldiazonium salt of a h a ^a 2 onium salt 

anion, respectively T h M 0 9en-containing complex 

their availabilities for I ^s^™ a " restricted in 
stability, C2) specL! 32008 °' ^ ^ th *™^ 
ultraviolet r^^' ^r"" ^ t0 - 

of Pinholes an/aL bub™" ~~ 
the generation of nitrogen C ™*°*^°» d«. to 

gen during photopolymerization 

3,835,003). salification of U.S. Patent No. 



- 2 



01 36679 



Some patents (see specifications of U.S. Patents No. 
3,711,390, No. 3,711,931, No. 3,816,278, No. 3,817,850 
and No. 3,817,845) disclose methods for stabilizing 
mixtures of diazonium salts and epoxides. These methods, 
however, are unsatisfactory for several reasons. For 
example, with regard to their stability, its good state 
can merely be retained for so short a period as to be 
represented by the unit of days, and the addition of a 
stabilizer, which is a non-reactive material, will 
contaminate a desired composition, with the consequence 
that this added material will soften a product thereof 
and will deteriorate a photo-setting speed. 

Further, in the specification of U.S. Patent No. 
3,4 50,613, there is disclosed a photopolymerizable epoxy 
resin composition comprising a reaction product of an 
epoxy resin prepolymer and an ethylenically unsaturated 
organic acid, a light-susceptible agent and optionally a 
poly-functional acid or hydrochloric acid. 

The gelation of this composition can be accomplished by 
the photopolymerization of an ethylenically unsaturated 
portion in the reaction product when exposed to ultra- 
violet rays, but for the sake o the complete cure of the 
composition, it is necessary that an epoxy resin portion 
of the composition is caused to carry out a curing 
reaction. For this purpose, it is finally required to 
give a thermal treatment to the composition. In other 
words, in order to accomplish the complete polymerization 
(curing) of this composition, both light and heat are 
needful. For this reason, applicable fields of the 
composition are inevitably limited. In addition thereto, 
this composition has the problems of being sensitive to 
enzymes and being low in thermal stability. 

On the other hand, as photo-setting catalysts for the 
photopolymerizable epoxy resin composition, complexes 
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represented by the following formul& ^ ^ 

Ar - X©- Ar 

wherein Ar is a phenyl group or the l ike? x is an 
iodine atom, sulfnr- afrtW , ^. s an 

ana y is BF L " " ^ Uk <" 

*• W «' * S V S>>P 6 or the li ke . 

s no. 1,516,511 and No. 1,518,141.] 
However, when the Photopolymerization „f 

is carried out with thi! r? 1 ** 1120 * ° f the *P°*Y resin 

out with this photo-setting catalyst Sh- 
eared material u ;ii ^ ^taiyst, the 

SUMMARY OF THE_IWgNTI0N 
aforesaid problems inherent in » k . 

resin composition, has Lcellent £*°*° 1 ™ rt »bl. -P-y 

and a less corrosive action and Ph0t °- Settin5 ^P-ties 

satisfactory electricTf P£rmitS 9iVing 

material SleCtriCal Properties to a prepared cured 
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A photopolymer izable epoxy resin composition of this 
invention is characterized by comprising an epoxy resin 
and an aromatic sulfonium salt of a heteropoly-acid or an 
aromatic iodonium salt of a heteropoly-acid, 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Examples of the epoxy resins to be used in this invention 
include a bisphenol A type epoxy resin? a bisphenol F 
type epoxy resin; a phenol- novolac type epoxy resin; an 
alicyclic epoxy resin; a heterocyclic ring-containing 

10 epoxy resin such as triglycidyl isocyanurate, hydantoin 

epoxy, or the like; a hydrogenated bisphenol A type epoxy 
resin; an aliphatic epoxy resin such as propylene glycol- 
diglycidyl ether, pentaerythr itol-polyglycidyl ether or 
the like; a glycidyl ester* type epoxy resin obtained by 

15 the reaction of an aromatic, aliphatic or alicyclic 
carboxylic acid with epichlorohydrin; a spiro ring- 
containing epoxy resin? a glycidyl ether type epoxy resin 
which is a reaction product of an o-allyl-phenol-novolac 
compound and epichlorohydrin; a glycidyl ether type epoxy 

20 resin which is a reaction product of a diallyl bisphenol 
compound, having an allyl group at the o- position of each 
of the hydroxyl groups in bisphenol A f and epichloro- 
hydrin; etc. 

The heteropoly-acid aromatic sulfonium salt to be used in 
25 this invention is one of an essential component as a 
photopolymer izat ion initiator . 

This heteropoly-acid aromatic sulfonium salt is a 
compound generally represented by the following formula: 



Ar 



1 



Ar 2 -^> 




m 
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25 



^herein Ar 1 to Ar 3 ma 

*>=» °t het . and eacb I^ITT « «"«« t from 

™> «b.tit^ wiT« y 9roup! " » 

5 .ub,tt tUTOt selects fr „ " " lea " ° n * 

»«lkyl groap, an aUMy 9 rou P* an 

and a „ itro * 5 ou P- »" ary lthlo 

——/Ian r:~ ; ^ - * 

Examples of the anions x^S _ f . . 

a Phosphotungstate, a Dht »«i, T hetero P 01 y-acid include 
-e, a sili cotung tate T^T' * 

Concrete examples of the 

nium salt to he used in thL ? SUlf - 

sulfonium Phosphomolybdate tlZT^ tri P^- 
-n gstate , t riphenylsulf P^Pho- 

^ e thox y p h enyl) sulfonium ™ s ^«>tungstate , tri- 

p^ii-uifci. suicomoiyLTt: t ngs r te - tri( - th ^- 

sulfonium phosphotungstate t ^ t , f^^^-^^P^nyl,- 
tungstate, tri( 2 - naphthyl) ; ul t " t ° 1 ^ Sul ^ illra phospho . 

«» Preferably, a p hoS p hot and 

Polymerization initiator. component as a photo- 

This heteropoly-acid aromatic io<5 • 

-presented hy the tol^* * * compound 
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wherein Ar 4 and Ar^ may be the same or different from 
each other , and each represents a substituted or 
unsubstituted aromatic group or heterocyclic group 
each having 6 to 2 0 carbon atoms; Z represents 
5 optional presence of an oxygen atom, a sulfur atom, 

0 

^S=0, V=0, -S-, ^N-R 1 or \:R 2 R 3 ; 
O 

where R^ represents a hydrogen atom, an alkyl 
group having 1 to 10 carbon atoms or an acyl 
group having 1 to 5 carbon atoms; and R 2 and R 3 
may be the same or different from each other, and 
10 each represents a hydrogen atom, a.n alkyl group 

having 1 to 4 carbon atoms or an alkenyl group 
having 2 to 4 carbon atoms; 
X 11 ® represents an anion of the heteropoly-acid; m is 
an integer of 3 to 5 ; n is an integer of 0 or 1; and 
15 dotted line represents optional presence of bonding 

when n = 1. 

In the formula, examples of the aromatic group or the 
heterocyclic group represented by Ar 4 or Ar 5 include a 
phenyl group, a thienyl group, a furanyl group, a 

20 pyrazolyl group and the like. These aromatic groups may 
have one or more condensated benzene ring such as a 
condensated carbon- hydrogen ring, e.g. naphthyl; a sulfur 
containing condensated heterocyclic ring, e.g. benzo— 
thienyl, dibenzothienyl , etc.; and an oxygen- containing 

25 condensated heterocyclic ring, e.g. benzof uranyl , 
dibenzof uranyl , etc. 

These aromatic groups may optionally be substituted by 
one or more substituents as described below. Such a 
substituent include a halogen atom, a nitro group, a 
30 hydroxy group, a carboxyl group, an anilino group or N- 
alkylanilino group, an ester group (e.g. an alkoxycarbo- 
nyl such as met boxy car bonyl or ethoxycarbonyl, a phenoxy- 
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30 



carbonyl), a sul fo ester gro 

such as methoxysm fonvl or ^ ( ** 9 * alko *ysulf onyl 
amide, an ethyl , Blf . cet« ide . a butyl . 

-ulfamyl group {e . g . a SU J ' ^^"^amyl , , a 

9roup (e.g. a meth * ^sulfa^x , , an alJc 
in — P <e.g. a phenyl,' T R 3 an aj 

^ ethyl, a butyl,, an aryXo Xy a f ™» a "ethyl, an 

-fonyx,, an aryx^^j; - ethyX- 

a Perfl UOroal]£yl group » *P (• -g. a phenyl suX f ony 1, , 
PerfXuoroethyX) and luoromethyX , a 

^ a tr lflnoro ^ tt ^"-"^rl.uieo^! group (e>g> 

In the f °rmul a , Ar 4 and 

• s U1£ur aton , . _ ^/jr-r — 

represents a hydroop ' 1 I ' * ~* herein 

- » j:;rr - • — - kyl u» P ^ iD9 2 

^ Y (wherein R 2 D 3 
« Afferent aod ' " te "» — 

«*» 9 xo UP havi „ g rj~*- * « M , an 

In the formula, x 11 ® h 

above. haS the «"» meaning as defined 

Concrete examples of th* h ■ 

^- -It to be used tT£ s T POly -* Ci * 

-odonium Phosphomolybdete LnH " lnClUde di P^nyl- 

tu n gs tate , dic^methyxph^ lo7 Ph °^- 

tungstete, di(4-heptvi!h , ^ P hos Pfc°silico- 

PhenyX,iodonium siXio^^^^e, di C 4-chXoro- 

Phosphotungstate, di(4-tri« dlna P ht hyliodonium 

trifi °oro»ethylp henyl)iodoniuin 
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phosphotungstate , di ( 2-benzothienyl ) iodonium phospho- 
tungstate, di ( 2-naphthyl ) sulf oni um phosphotungstate , and 
the like. 

Among them, a. diaryl iodonium phosphotungstate such as 
diphenyliodonium phosphotungstate is preferably employed. 

These heteropoly-acid aromatic iodonium salt may be 
prepared by applying the method as disclosed in "Macro- 
molecules, Vol. 10, No. 6, p. 1307 (1977)". 

A mixing amount of the heteropoly-acid aromatic sulfonium 
salt or the heteropoly-acid aromatic iodonium salt is 
preferably within 0.001 to 10 parts by weight, more 
preferably within 0.1 to 5 parts by weight based on 100 
parts by weight of the epoxy resin. When the amount of 
the heteropoly-acid aromatic sulfonium salt or the 
heteropoly-acid aromatic iodonium salt is less than 0.1 
parts by weight, the photopolymer ization will not make 
progress to a satisfactory degree; when it is more than 
10 parts by weight, there will be induced inconvenient 
matters such as heightened corrosive properties, 
increased costs and deteriorated electrical properties. 

In this invention, a sensitizer may also be added, if 
desired. 

Concrete examples of the sensitizer include: 
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<Q^c-ch 2 ch : 



0*?0- a!o -OrrO • 




o 

0 



Phenanthrene, naphthalene, 2-nitrofl 

benzoguinone, chrycene and the llll T*' aQtl »— ' 
may preferably be mixed i„ a * sensi t«er 

-ight based on th^" r ^~ ° f ^ ^ 20 % by 

s^SLt r pos d ition of this <—< • 

***** in .LltL to the C1 ab: nhydride 

the above essential two components. 

^ 0 ~r:; ™ :;r ct — — 

y further addang a guinone derivative. 
The guinone derivative is - 

of regenerating the hete " ^ h3Vin9 3 f »»^°» 

violet light. 7 lrraaia tion of ultra- 

The guinone derivative is s r- 

formula: ' c «*"»»* having the following 
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R L=f 

0=/ Vo or 

wherein. R 4 , R* , r«,'* 7 . R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , 

R 14 and R 15 may be the same or different, and each 

represents a group selected from the group consisting 

of a hydrogen atom, a halogen atom, an alkyl group, a 

cyano group and a nitro group; or a pair selected 

4 56 *78 

from the group consisting of R and R , R and R r R 

and R 9 , R 10 and R 11 , R 12 and R 13 , and R 14 and R 15 

represents an aromatic condensed ring, 

and concrete example thereof include p-benzoguinone , 
o-benzoquinone, 1,4- naphthoquinone, 2-methyl-l, 4- naphtho- 
quinone, 2,3,5,6-tetrachloro-p-benzoquinone, anthra- 
quinone, phenanthrenequinone , 2-methyl-anthraquinone , 
benzo[a]anthraquinone, 1 , 2-dihydroxyanthraquinone, 4,4'- 
diphenoquinone , 3 , 3 ■ , 5 , 5 • - tetra- tert-butyl-4 r 4 • -dipheno- 
quinone, 3 , 3 1 , 5 , 5 1 -tetramethyl-4 , 4 1 -diphenoquinone and 
the like. 

A mixing amount of the quinone derivative is preferably, 
within 0.01 to 10 parts by weight based on 100 parts by 
weight of the epoxy resin. When the amount of the 
quinone derivative is less than 0.01 part by weight, 
regeneration of the photopolymer ization catalyst will be 
insufficient; on the contrary, when it exceeds 10 parts 
by weight, coloring will occur or adhesive property will 
deteriorate. 

The photopolymer izable compositions of this invention can 
be cured by methods such as room- temperature photo- 
curing, high-temperature photo-curing, after-cure which 
is effected after the photo-curing, etc. The wavelength 
of light necessary for the photo-curing will generally be 
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. » -in.. Preferably fro „ 1 , nr"^' l , -. fr - « 

the .poxy, resin composition end 1 "fnain, on 

5 a„a the temperature in AT, ° V ^ " * 

-in, „i U genersUy ^ ^ " Photo- 
from 60 ° c to 100 °c .w ^ • C, preferably 

composition ena the cete^t 7 V ^ 

li 9 ht source to be us^Tthi ° Sed ' — ° f "» 

" »i g h-pressure nercury . v l ° r t 1 h ' S D l """"° n -» inciuae e 
«no„ lamp, an er 5 on olZ LsoT!' ' *" « 

1— ena the llk .f x ~ "fa^er ^ ' "" al "'^ 
effected after th. .. . after-cure »„i ch is 

«t at 50 c c e ; 0 % Tco p T;zi\: 111 *™ y - 

15 ana effected for 1 to io h ? " 10 ° ° C t0 i6 ° "<=■ 

nr. - P re ferably for ! t, . 

brs.. depenaing on the epoxy rasin r. 

catalyst to be nsaa. * "mposrtion ana the 

. - ' u ' th e corrosive act-i^ u • 

(4) the electrical nr««- «. • Weak ' 
25 Therefore, it is f^r to ^ 

of the composition of this Lv^ • " indUStrial ati ^y 

this invention is highly g rea t . 

A Photopolymerizable composition ■ 

oe descrihea In detail as ex^s ^ 

Exampl es 1 to 6 



30 



As epoxy resins, there 

""labia f ro„ Shel! Ka^o K " T ^ ' ^ — ' 

^xy resin.. epo , y * ^ 

" 210 ) r Epikote 1001 
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(trade name, available from Shell Kacaku K.K., Japan; 
bisphenol A type epoxy resin; epoxy equivalent: 450 to 
525; molecular weight: 900) and Epikote 1004 (trade name, 
available from Shell Kagaku K„K. , Japan; bisphenol A type 
5 epoxy resin; epoxy equivalent: 900 to 1000; molecular 
weight: 1400) , and as photopolymer ization initiators, 
there were used tr iphenylsulf onium phosphotungstate , tri- 
(methylphenyl)sulf onium phosphotungstate and tr iphenyl- 
sulf onium phosphomolybdate. 

10 Each of these materials was uniformaly mixed in 

compounding proportions (which were represented with 
"parts by weight*) shown in Table 1 below in order to 
prepare epoxy resin compositions of this invention. 

Each of these compositions was applied onto aluminum 
15 plates, and was then introduced into an ultraviolet 

irradiation photo-curing device in which an intensity of 
the irradiation was adjusted to 80 W/ cm, and photo-curing 
was carried out for a predetermined period of time. The 
resultant coating films. on the plates were tested for 
20 pencil hardness and dielectric loss tangent value (tan S: 
%) at 180 °c. The obtained results are shown in Table 1 
all together. 
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Table 1 



Epoxy resin 

Epikote 828 
Epikote 1001 
Epikote 1004 

aeteropoiy-acid aromatic" 
sulfonium saH 



Triphenylsulfonium 
phosphotungstate 

Tr i (methylphenyl ) sulfo- 
nium phosphotungstate 

Triphenylsulfoni urn 
phosphomolybdate 

Tri < 2-naphthyl ) sulfonium 
jpnosphotangrstate 



Measured value* 

Tan 5 (%) 

Pencil hardness 

Curing time (sec.) 

Thickness of coating 
film (urn) 



Examples 7 to 14 
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.tr.-. .„u. ble from s^i\:i™^°*z 1001 

bisphenol A type eooxv r^i ' Japan? - 

525; Secular ^^t, 450 to 

avail able froffi shell Kagaku K k ^ ^ name ' 

epoxy resin; epoxy equivalent ; 0 0 tTlnnn iSPhenO1 * ^ 
weight.- 1400), as hete ro poly! ac ^ « ? ."° 1 - CBlW? 

-Its, there were used dlphenvHl iDd ° niUm 

aipnenyliodonium phosphotungstate, 
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di (methylphenyl ) iodonium phosphotungstate and diphenyl- 
iodonium phosphomolybdate , and as the sensitizers, there 
were used dimethylthioxanthone and benzophenone . 

Each of these materials was uniformaly mixed in 
compounding proportions (which were represented with 
"parts by weight" } shown in Table 2 below in order to 
prepare epoxy resin compositions of this invention. 

Each of these compositions was applied onto aluminum 
plates , and was then introduced into an ultraviolet 
irradiation photo-curing device in which an intensity of 
the irradiation was adjusted to 80 W/cm r and photo-curing 
was carried out for a predetermined period of time. The 
resultant coating films on the plates were tested for 
pencil hardness and dielectric loss tangent value (tan 6: 
%) at 180 °C. The obtained results are shown in Table 2 
all together. 
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Examples 16 to 20 

As epoxy resins, there were used ERL 4221 (trade name, 
available from Union Carbide Co.; 3 ' , 4 '-epoxy-cyclohexyl- 
methyl-3 , 4-epoxy-cyclohexanecarboxylate ) , Epikote 828 
(trade name, available from Shell Kagaku K.R., Japan; 
bisphenol A type epoxy resin; epoxy equivalent: 190 to 
210), Epikote 1001 (trade name, available from Shell 
Kagaku K.K., Japan; bisphenol A type epoxy resin; epoxy 
equivalent: 450 to 525; molecular weight: 900), Epikote 
1004 (trade name, available from Shell Kagaku K.K., 
Japan; bisphenol A type epoxy resin; epoxy equivalent: 
900 to 1000; molecular weight: 1400), ERL 4206 (trade 
name, available from Union Carbide Co.; vinylcyclohexene- 
dioxide) and CY 175 [trade name, available from Chiba 
Geigy A.G.; alicyclic epoxide), as heteropoly-acid 
aromatic iodonium salts, there were used diphenyliodonium 
phosphotungstate, di (methylphenyl ) iodonium phospho- 
molybdate and diphenyliodonium phosphomolybdate , and as 
quinone derivatives, there were used p-benzoquinone and 
1 , 4-naphthoquinohe. 

Each of these materials was uniformaly mixed in 
compounding proportions (which were represented with 
"parts by weight") shown in Table 3 below in order to 
prepare epoxy resin compositions of this invention. 

Each of these compositions was applied onto aluminum 
plates, and was then introduced into an ultraviolet 
irradiation photo-curing device in which an intensity of 
the irradiation was adjusted to 80 W/cm, and photo-curing 
was carried out for a predetermined period of time. 

The resultant coating films on the plates were tested for 
pencil hardness and dielectric loss tangent value (tan 6: 
%) at 18 0 °C. The obtained results are shown in Table 3 
all together. 
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Example 21 

Corrosivity to iron of the epoxy resin compositions of 
this invention was measured with the Coulostatt method. 

A epoxy resin (Celloxide 2021; trade name f available from 
5 Daisel K. K., alicyclic epoxy resin) which was photo- 
cured (80 W/cm, at a distance of 15 cm for 1 minute) with 
a catalyst ( tri (methoxyphenyl ) sulf onium silicotungstate: 
1 phr ) was crushed into powder having particle size 
between 100 meshes to 300 meshes. After 50 g of the thus 

10 prepared powders were placed in a 5 00 cc of distilled 

water and refluxed for an hour, the mixture was filtrated 
to obtain an aqueous filtrate. An iron plate which was 
covered with Capton tape (trade name; available from 
Teraoka Seisakusho Co.) leaving a not covered area of 2 

15 cm x 1, was inserted into the filtrated aqueous solution 
to measure the corrosive speed. 

On the other hand, the same procedures were repeated 
except that the catalyst was replaced with UVE 1014 
(aromatic sulf onium hexaf luoroant imonate, available from 
20 G£) to prepare Comparative sample 4. 

As the results, in the case of epoxy resin composition of 

this invention, an initial corrosive speed was 9 mg/day/ 

2 

(dm) whereas the Comparative sample 4 being 100 mg/day/ 
(dm) 2 . Therefore, it is confirmed that the catalyst 
25 system of this invention is smaller in corrosive speed 
than that of the Comparative sample. 

As is definite from the foregoing, the composition of 
this invention can exhibit the effects of the photopoly- 
merization being promptly advanced; the cured product 
30 being great in hardness; and the electrical properties 
being excellent. Therefore, it is fair to say that an 
industrial utility thereof is highly great. 
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Claims: 

1- A photopolymerizable epoxv r» e ,« 

. . epoxy resm composition 

comprising an eno™ — • F lon 

sulfonium salt oH IT' T * "omati 
salt. *etero P ol y - acid aromatic iodonium 



2- The Photopol ymerizable 

according to Claim 1, whereiHL COm P° s ^io n 
epoxy resin selected f rm W r£Sln beln * an 

Mspnenol A a^L"* " 9 

"sin, a phenol-novolac tZ' blSpheno1 » type epoxy 
epoxy resin, a h.t*^T rl T! 7^' " 
a hydrogenated bi^^rC^^ ^ ^ 
epoxy resin, a gly cidyl ester tvo! allphatic 
-ng-containing ^JTj?,^; 
epoxy resin. SJ-yciayi ether type 



3- The Photopolymerizable epoxv r M «„ 

according to Claim 1, wherexn tL H , C ° mP ° Sitio * ' 

aromatic sulfonium 5 lt f hete ~P^-acid 

the formula: 9 COm P ound represented by 



Ar- 1 
Ar 2 -^ 
Ar 3 



m 



therein Ar 1 to *r- 3 ^ 

substituent selected f™ t v " GDf ' 

b*» at™, an XlT Sr ° UP «* « 

Tltyl srou ;, an I'll 9 ° rUp ' —toxy 5 rcup, an 

- Y acid, and „ Is an integ et c£ 3 to 5. 
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4. The photopolymerizable epoxy resin composition 
according to Claim 3 f wherein the X" 1 ® being an anion 
selected from the group consisting of a phosphotungstate , 
a phosphomolybdate f a tungstogermanate , a silicotungst- 

5 ate and a silicomolybdate . 

5. The photopolymerizable epoxy resin composition 
according to Claim 3, wherein the heteropoly-acid 
aromatic sulfonium salt being a compound selected from 
the group consisting of triphenyl sulfonium phospho- 

10 molybdate, tr iphenylsulf onium phosphotungstate, 

tr iphenylsulf onium silicotungstate , tr i (methoxyphenyl ) - 
sulfonium phosphotungstate , tr i ( methoxyphenyl ) sulfonium 
silicomolybdate , tri C tert-butylphenyl) sulfonium phospho- 
tungstate, tritolylsulf onium phosphotungstate and 

15 tri ( 2-naphthyl ) sulfonium phosphotungstate. 

6. The photopolymerizable epoxy resin composition 
according to Claim 1, wherein the heteropoly-acid 
aromatic iodonium salt being a compound represented by 
the formula: 



Ar 4 



<Z> 
'1/ 



m 



20 wherein Ar 4 and Ar 5 may be the same or different from 

each other, and each represents a substituted or 
unsubstituted aromatic group or heterocyclic group 
each having 6 to 20 carbon atoms; Z represents 
optional presence of an oxygen atom, a sulfur atom, 
0 

^S=0, ")C=0, -S-, \tf-R 1 or \:r 2 r 3 ? 
/ / D / / 

o 

25 where R 1 represents a hydrogen atom, an alky 1 

group having 1 to 10 carbon atoms or an acyl 
group having 1 to 5 carbon atoms? and R 2 and R 3 



- 21 - 

0136679 



**Y be the same or- different f 

each represents a hyd " e T\ ^ ' 

having 1 to 4 c^f*"^ at ° m ' « ^ group 

having 2 to « C J* D ^ « an ^IJcenyl group 
5 Y n© carbon atoms; 

represents an anion of the 
a« integer of 3 to 5 - n i hete ropol y -acid; m ig 

"hen n - 1. Ptional presence of bonding 

a Phosphomolybdate a fc„n ^ ° f 3 phos P h otungstate 

»f -d a suicomo^dar;: 0g ~ e ' 3 -'"^t. ' 

8 - The Photopolymerizable epoxv r- • 

according to claim 6 , wherein ^ ! C ° mp ° Si ^°» 

aromatic iodoniuin ^ heteropol y - acid 

^oup consisting of diphenyli ir^^ f «» the 

^Phe„ yliedoniuffi phosph^^^ 

10QOnJuffi P h ^Phosili cotunQs ^^ ate ' dl(4 - ,net hylphe ny i,- 
niun, tu ngstogerjnanat d ; U - he Pt y i P henyl )iodo _ 
t-gstate, di ( 4 - chloroph ^"^^ ^ iodoniu, p hospho . 
dinaphth y i iodonium ph 4ho tu si ^co m ol yb date f 
met h y iphe nylUodoni ^^ 

thie nyl)iodonimn pho " L fc P Un9State ' di ^-ben 2 o- 
sulfoniu, P^J^S^^/-- *i( 2-„ap hthyl } _ 

9 - The Photopolymerizable 

accor di ng to claim 1 wh ^ com Position 
Poly-acid aromatic sulf o ril ln T am ° Unt ° f the hetero- 
topic iodoniuni ™ -*lt to the heteropol y -aci d 
10 Parts by weight based ^ ^ - 0.001 to 
the epoxy resin.. 100 part s by „e ight of 

10 ' ph °topol yi „eri 2 able epoxv r • 

accor din g to Claim 9, wherein !h ""Position 

the amount of the hetero- 
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poly-acid aromatic sulfonium salt or the heteropoly-acid 
aromatic iodonium salt being within the range of 0.1 to 5 
parts by weight based on the 100 parts by weight of the 
epoxy resin. 

11. The photopolymerizable epoxy resin composition 
according to Claim 1, the composition further comprises a 
sensitizer • 



12. The photopolymerizable epoxy resin composition 
according to Claim 11/ the sensitizer being a compound 
10 selected from the group consisting of 




10 



15 



20 
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phenanthrene, naphthalene, 2-nitrof luo. 

benzoquinone and chrycene. lu °rene, anthracene, 

13- The photopolymerizable epoxy resin , 
according to Claim 11 <-k —Position 

Within the range of 0.'o£\HH ^ ^ 

epoxy resin. 2 ° % by wei * h t based on the 

14- The photopolymerizable epoxy resin „ 
according to claim n, wher * J «*o«itioa 

and a sensitizer. aromatic iodonium sa i t; 

15- The photopolymerizable epoxv r^i 

according to claim 1 the * Sln coa P°sition 

guinone derivative. ' C ° mpositi °* further comprises a 

atordtgt^ 1 ^ 6 ~* ~-n " 

-Pound represented ;y\t™r riVat " e ^ * 




or 




H" r U r 14 R 15 



25 



wherein »-* _6 7 p 0 

K 14 ° 15 ' R ' ' E 8 , s«, s 10 , E ll r 12 13 

« * hWto,™ ato * ; 1 h e "! a f "» «» .roup „„ si , tin9 
=ya„c groap „ a . : i ^\ 1 r ° 9en « UW group, a 

fro m the group consist """"V* « "Leted 
aua ... Jo - * - » S . V a„ d ,7, „S 

The Photopolymerizabie epoxv ^ . 
according to claim 15, the m,f„ - Con, P osit ion 

ne guxnone Derivative being a 
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compound selected from the group consisitng of p-ben20- 
quinone f o- ben zogui none , 1 r 4- naphthoquinone, 2-methyl- 
1,4 -naphthoquinone, 2 , 3 ,5 ,6-tetrachloro-p~benzoquinone, 
anthraguinone , phenanthrenequinone , 2-methyl-anthra- 
5 quinone , benzo [ a ) anthr aquinone , 1 , 2-dihydroxyanthra- 

quinone, 4 , 4 1 -diphenoquinone, 3 ,3 • ,5 , 5 '-tetra-tert-butyl- 
4 , 4 '-diphenoquinone and 3 r 3 1 ,5 ,5 f -tetramethyl-4 , 4 1 - 
diphenoquinone* 

18. The photopolymerizable epoxy resin composition 

10 according to Claim 15 , the amount of the quinone deriva- 
tive being within the range of 0.01 to 10 parts by weight 
based on the 100 parts by weight of the epoxy resin. 

19. The photopolymerizable epoxy resin composition 
according to Claim 15 w wherein the composition comprises 

15 an epoxy resin; a heteropoly-acid aromatic iodonium salt; 
and a quinone derivative. 
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